
From Quantum Field Theory to Classical Transport Theory�

Jamal Jalilian-Mariany, Sangyong Jeon, Raju Venugopalanzand Jen Wirstamx

The one loop e�ective action in quantum �eld

theory can be expressed as a quantum mechan-

ical path integral over world lines, with internal

symmetries represented by Grassmanian vari-

ables. In this work, we developed a real time,

many body, world line formalism for the one

loop e�ective action. In particular, we stud-

ied hot QCD and obtained the classical trans-

port equations which, as Litim and Manuel have

shown, reduce in the appropriate limit to the
non{Abelian Boltzmann{Langevin equation �rst

obtained by B�odeker. In the Vlasov limit, the

classical kinetic equations are those that corre-

spond to the hard thermal loop e�ective action.

In classical kinetic theory, a covariant formal-

ism can be obtained in terms of phase space

averages over the trajectories of particle world

lines. In quantum �eld theory, there are many in-

stances at �nite temperature and density where

classical ideas are relevant, and where a classical

kinetic picture would be useful. However, it is

not immediately apparent how one recovers the
classical world line picture directly from quan-

tum �eld theory. This is especially problematic

in theories with internal symmetries.

Fortunately, in the last decade, there has been

a considerable body of work relating the one loop

e�ective action in quantum �eld theory to quan-

tummechanical path integrals over point particle

Lagrangians. The connection between �elds and

particles is of course relatively ancient. It goes

back to the works of Feynman and Schwinger.

Our starting point is the QCD one-loop e�ec-
tive action

Se� = lnDetD2 (1)

where D = @ � igA is the covariant derivative.
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By using the Schwinger proper time method

(generalized to deal with internal degrees of free-

dom), we were able to re-write it as a classical

Lagrangian

L = �m
q
_x� _x� + i�y

aDab�b : (2)

Here the �a(�) with a = 1; � � � ; N are Grassma-

nian dynamical variables, and Dab�b = _�a +

ig _x�A�
�T

�
ab�b. The Euler-Lagrange equations

of motion are deduced from this Lagrangian

are precisely the equations written down nearly

thirty years ago by S.K. Wong.
The corresponding color current is then,

J
�;�
A;� (x) = g

Z
d4p dQp�Q� fA;�(x; p;Q) : (3)

where A is the soft background Yang-Mills �eld

and � is the classical noise corresponding to

the distribution of the initial state. The classi-

cal phase space density fA;�(x; p;Q) satis�es the

Vlasov equation used by Kelly et al. and also

Litim and Manuel to derive the so-called Hard
Thermal Loop action.

In this way, we show how in the real time many

body world line formalism the classical transport

theory of Kelly et al., as improved by Litim and

Manuel, may be obtained from the one loop ef-

fective action in QCD. We obtain the same set

of transport equations they do. Since our results

are derived from the QCD one loop e�ective ac-

tion, one can, in principle, go further. Research

in that direction as well as the link to the small

x physics is being pursued by us.


